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Oxalate:OH exchange across rat renal cortical brush border
membrane
KENSUKE YAMAKAWA and JuIcHI KAWAMURA
Department of Urology, Mie University School ofMedicine, Tsu, Mie, Japan
Oxalate:OH exchange across rat renal cortical brush border mem-
brane. We demonstrated the presence of oxalate:OH exchange in rat
renal brush border membrane. Transient concentrative uptake of ox-
alate ("overshoot") was observed in the presence of an inside alkaline
(pH = 8.5 inside, 6.5 outside) pH gradient, but this pH gradient-
stimulated oxalate uptake was abolished by 1 mi DIDS, indicating that
DIDS-sensitive and -insensitive oxalate uptake mechanisms were
present. The DIDS-sensitive oxalate uptake was temperature-depen-
dent and saturable with a Km of 0.0365 mi and a Vmx of 1.38 nmol
30 second mg protein* In addition, oxalate was transported into
the osmotically active internal space. In the presence of the pH
gradient, a change in transmembrane potential had no effect on pH
gradient-stimulated oxalate uptake. Oxalate was exchanged for OH and
this exchange was sensitive to inhibition by DIDS. Inhibition by DIDS,
furosemide and probenecid facilitated the distinction of oxalate:OH
exchange from formate:Cl and oxalate:Cl exchange. In preparation of
our brush border membrane vesicles, no apparent S04:HCO3 exchange
was present. These data indicate that oxalate:OH exchange occurs on
the brush border membrane.
Oxalate is a metabolic end product and one of the most
common constituents of renal stones. Despite its importance in
the pathogenesis of renal stones, our understanding of the renal
handling of oxalate is incomplete. Oxalate handling in the rat
kidney has been investigated by micropuncture and clearance
studies [1—4]. Such studies have revealed that oxalate is freely
filtered from the glomerulus and undergoes net secretion,
predominantly in the proximal convoluted tubule. Furthermore,
microperfusion [51 and micropuncture and microinjection stud-
ies [2] have suggested the possibility that more than one oxalate
transport system exists in the rat proximal tubule. Studies using
isolated tubules from the rabbit have suggested the presence of
an active transport system and significant internephron hetero-
geneity in the proximal tubules for oxalate [6]. Recently, details
of the mechanism of substrate transport in the proximal tubule
have been investigated using plasma membrane vesicles iso-
lated from renal cortex. In rat brush border membrane, oxalate
was found to be transported via the Na-SO4 co-transport
system [7]. On the brush border membrane of the rabbit
proximal tubule cell, Cl (formate)-oxalate exchange was iden-
tified [8]. Oxalate was exchangeable for SO4 or HCO3 across
the basolateral membrane of the rabbit proximal tubule cell [9].
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However, only limited data are available on the transport of
oxalate in the kidney.
The purpose of this study was to confirm the presence of an
electroneutral oxalate transport system across the brush border
membrane of the proximal tubule cell. We found that oxalate
was transported by the oxalate:OH exchange via an anion
transport system.
Methods
Membrane preparation
Male Wistar rats, weighing 190 to 250 g, were killed by a blow
on the neck and the kidneys were removed immediately. Brush
border membrane was prepared from slices of the kidney cortex
by the EGTA/magnesium precipitation method of Biber et al
[10]. Briefly, after tissue homogenization in isotonic medium
(300 mM mannitol, 12 m'vi Tris-Hepes and 5 mr't EGTA) with a
glass-Teflon homogenizer and Poylytron (PT 20, Kinematica
GmbH, Kreins, Switzerland), hyposmostic shock was applied,
and then MgC12 was added up to a final concentration of 12 mM.
Brush border membrane vesicles were purified by differential
centrifugation and preloaded by incubating with appropriate
medium. Usually, the final pellet was suspended in 30 ml of the
incubation medium and rehomogenized with a glass-Teflon
homogenizer. The membrane vesicles were centrifuged and
resuspended in the incubation buffer by sucking 30 times
through a fine needle. The final protein concentration of mem-
brane suspensions was adjusted to approximately 10 mg/mI and
then suspensions were preincubated for three hours at room
temperature. Valinomycin was added during the last 60 minutes
of preincubation to avoid generating a transmembrane diffusion
potential if necessary. Protein was estimated by the Coomassie
blue dye-binding assay (Bio-Rad) with bovine serum albumin as
a standard.
The degree of purification of brush border membrane vesicles
was checked by determination of the specific activities of
alkaline phosphatase (EC 3.1.3.1) and Na-K-ATPase (EC
3.6.1.3). The specific activity of alkaline phosphatase was
determined using a test kit with p-nitrophenylphosphate as the
substrate [11] and that of Na-K-ATPase was measured as
described by Post and Sen [12]. In brush border membrane
vesicles, the enrichment of alkaline phosphatase was 14.0
0.5-fold (means SD) in comparison with that of the starting
homogenate. By contrast, that of Na-K-ATPase was 0.9
0.3-fold.
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Fig. 1. Time course of pH-gradient stimulated oxalate uptake by brush
border membrane. Membrane vesicles were preincubated with 60 mM
mannitol, 50 mrt tetramethylammonium (TMA) gluconate, and either
109 mM Tris, 32 mri Hepes at pH 8.5 (0, •) or 34 mi Tris, 70 mM
Hepes, 36 mi 2-(N-morpholino)ethanesulfonic acid (MES) at pH 6.5
(0, M). Uptake of 100 M labeled oxalate was assayed in the presence
of 60 mri mannitol, 50 mi TMA gluconate, 17 m Tris, 80 mri Hepes
and 4.5 mr'i MES at pH 6.5 with (solid symbols) or without (open
symbols) 1 msi DIDS. Results are means SEM for 3 vesicle prepara-
tions. The asterisks in Figure lB indicate a P value of < 0.005.
Uptake measurement
Uptakes of radioisotopes were assayed using a slightly mod-
ified version of the rapid filtration technique [13, 141. Usually,
ten pi of membrane suspension (containing approximately 0,1
mg protein) were added to 40 d of prewarmed reaction medium
at 30°C, containing radioisotopes. At appropriate intervals after
addition of the reaction medium, the reaction in a 10 d aliquot
was terminated with 3 ml of ice-cold stop solution. The mixture
was immediately poured on to a 0.45 tm Millipore filter
(HAWP; Millipore Corp., Massachusetts, USA) prewetted with
distilled water, then the tube and filter were washed twice with
3 ml of ice-cold stop solution, which contained 20 mrvt Tris-
Hepes, pH 7.5, and either K gluconate or sucrose at a concen-
tration resulting in an osmolarity equal to that of both the
preincubation and reaction medium. The compositions of all
incubation and reaction medium are given in the captions for
figures. The filters were dissolved in 5 ml Emulsifier 299"
Fig. 2. Effect of incubation medium osmolarity on oxalate equilibrium
uptake. Vesicles were incubated with 10 mri mannitol, 55 mM Tris and
85 mi Hepes at pH 7.5, and then 10 l of vesicles were incubated at
30°C in 2 mi mannitol, 55 m Tris, 85 mri Hepes, 100 LM labeled
oxalate and 0 to 706 m sucrose. After 3 hours, uptake was terminated
with ice-cold stop solution containing 30 mr'i Tris-Hepes and sucrose at
a concentration resulting in an osmolarity equal to that of the reaction
mixture. Results are mean values from 3 vesicle preparations.
(Packard Instruments, Illinois, USA), and the radioactivity that
had remained on the filters was measured with a beta scintilla-
tion counter. In all experiments, non-specific retention of
radioactivity ("blank") was assayed by mixing the reaction
buffer containing radioisotopes with 10 pi of membrane suspen-
sion after 3 ml of ice-cold stop solution had been added. Then,
the mixture was immediately filtered, and the tube and filter
were washed twice.
In each experiment, all data were determined in triplicate at
least in three separate membrane preparations, unless stated
otherwise in captions for figures, and are presented as means
SEM or means. Statistical analysis of the data was performed
using Student's t-test.
Chemicals
[U-'4C]oxalate (27 or 103 mCi/mmol), D-[U-'4C] glucose (270
mCi/mmol) and ['4C]formate (55 mCi/mmol) were obtained
from Amersham, [35S]sulfate (43 Ci/mg) from NEN Research
Products; valinomycin from Sigma Chemical Co. (St. Louis,
Missouri, USA); 4,4'-diisothiocyanostilbene-2,2'-disulfonic
acid (DIDS) was purchased from Nakarai Chemical Co. (Ky-
oto, Japan). The salts obtained from a commercial source were
of analytical grade.
Results
The first experiments were designed to test whether oxalate:
OH exchange occurred via an anion transport system in rat
renal brush border membrane vesicles (Fig. 1 A and B). When
a pH gradient (inside alkaline) was imposed on vesicles, oxalate
uptake was stimulated and intravesicular oxalate accumulation
transiently exceeded its equilibrium level of uptake ("over-
shoot"). In contrast, when DIDS was added in the presence of
an inside alkaline pH gradient, this gradient-stimulated oxalate
uptake was extensively inhibited (Fig. 1A). Oxalate uptake was
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Fig. 3. Effect of reaction temperature on oxalate uptake. Uptake was
assayed at 5°C, 25°C and 30°C. Vesicles were preloaded with 60 mM
mannitol, 50 mi TMA gluconate and various combinations of Tris and
Hepes (140 m total) to bring the intravesicular fluid to pH 8.5 at each
temperature. Uptake was initiated by adding 10 zl of vesicles to 40 l
of reaction media containing 125 M labeled oxalate in the presence
(solid symbols) or absence (open symbols) of 1 mri DIDS. The reaction
medium consisted of 60 mat mannitol, 50 mat TMA gluconate and Tris,
Hepes and MES (140 m buffer combinations) to bring the extravesic-
ular fluid to pH 6.5 at each temperature. Mean values from 3 vesicle
preparations are shown.
Time, seconds
Fig. 4. Initial uptake rate for pH gradient-stimulated oxalate uptake.
Vesicles were preloaded with 141 mat buffer at pH 8.5 (see Fig. I for
composition of the incubation medium). Uptake of 1 m labeled
oxalate, neutralixed with TMA, was assayed in the presence of 60 mat
mannitol, 49mM gluconate, 48 mat TMA, 17 mat Tris, 80 mat Hepes and
45 mat MES at pH 6.5. Results are expressed as means SEM for 3
vesicle preparations.
Fig. 5. Kinetics of oxalate uptake. A. Vesicles were preloaded with 141
m buffer at pH 8.5 (see Fig. I for composition of the incubation
medium). The oxalate concentration of the reaction medium was varied
from 25 M to I m in the presence of 48 to 50mM TMA, 49 to 50mM
gluconate and 60 mat mannitol, 17 mat Tris, 80 mat Hepes and 45 mM
MES at pH 6.5 in order to maintain a constant isotonicity of 301 mOsm.
Uptake was determined in either the presence (solid symbols) or
absence (open symbols) of I mat DIDS. Total oxalate uptake (0)
consisted of the DIDS-insensitive (•) and -sensitive uptakes (Li]). B.
Lineweaver-Burk reciprocal plot based on the same resulting data.
Mean values from 3 vesicle preparations are shown.
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DIDS-sensitive oxalate uptakes were present on the renal brush
border membrane, suggesting that oxalate uptake was mediated
20 30 40 50 by an anion transport system. If pH gradient-stimulated oxalate
uptake is mediated via an anion exchanger, this phenomenon
would fulfill substrate specificity [15]. Then, we evaluated the
much slower and did not exceed the equilibrium uptake. The
DIDS-sensitive oxalate uptake was demonstrated in the pres-
ence of a pH gradient. When both intra- and extra-vesicular
fluids were brought to pH 6.5 as shown in Figure 1B, a slight
transmembrane pH difference was present, and the difference
stimulated oxalate uptake in one minute and then DIDS could
also inhibit oxalate uptake. These data indicated that the
trans-stimulation and cis-inhibition of oxalate uptake by unla-
beled oxalate. An outwardly directed, oxalate gradient-stimu-
lated oxalate uptake and "overshoot" were observed and 5 m
unlabeled oxalate decreased pH gradient-stimulated (pH =8.5
inside, 6.5 outside) oxalate uptake to 10% of the control value
(data not shown).
In order to obtain further evidence for the presence of an
oxalate transport system, we examined whether intravesicular
oxalate space was inversely proportional to extravesicular
osmolarity. The osmolarity of the extravesicular medium was
varied by adding different concentrations of sucrose to the
incubation medium. Figure 2 demonstrates that the equilibrium
uptake of oxalate decreased in proportion to the rise in extrave-
sicular osmolarity. Extrapolation to infinite osmolarity, at
which the intravesicular volume equals zero, indicated that the
0)
. cj
U
extent of non-specific binding of labeled oxalate to the brush
border membrane vesicles or filters was 14.5 pmol/mg protein
under those conditions. Thus, oxalate uptake showed osmotic
dependency, and it was not due to precipitation by calcium
associated with the brush border membrane; rather, oxalate
was transported into the osmotically active internal space.
When an inside alkaline, pH gradient-stimulated oxalate
uptake is mediated by a transport system, oxalate uptake would
reveal temperature dependency. We examined the temperature
dependency of oxalate uptake (Fig. 3). In the presence of a pH
gradient, the total oxalate uptake, consisting of DIDS-sensitive
and -insensitive uptakes, increased as the temperature of the
reaction rose in a non-linear fashion, but the DIDS-insensitive
oxalate uptake was almost constant at 4°C, 25°C and 30°C. An
anion transport system might therefore cause the DIDS-sensi-
tive oxalate uptake, showing temperature dependency.
Moreover, it might be expected that the pH gradient-stimu-
lated oxalate uptake would further exhibit saturability. In order
to examine the kinetics of the DIDS-sensitive oxalate uptake,
the initial uptake rate at 1mM oxalate was tested. The oxalate
uptake under those conditions was shown to be linear through
30 seconds (Fig. 4). A 30-second time point was therefore used
in studies of the kinetics of the DIDS-sensitive oxalate uptake.
The DIDS-sensitive oxalate uptake showed non-linear satura-
tion whereas the DIDS-insensitive oxalate uptake was not
saturable (Fig. 5A). To calculate the apparent Km and Vmax, we
analyzed the same data using a Lineweaver-Burk reciprocal
plot (Fig. 5B). The apparent Km and Vmax were 0.0365 m and
1108 Yamakawa and Kawamura: Brush border oxalate transport
A B
60 6.5/6.5 + Vat
Inside positive 2
Inside negative
12
10
8
6
4
2
0
30
Vat
20
10
30 2hr 0 30 60
see see
500
400
500
300
400
C
o
Fig. 6. Effect of membrane potential produced by
pH gradient and K gradient on oxalate and
glucose uptake. A. Membrane vesicles were
preincubated with 80 m Na gluconate, 65 ms TMA
gluconate, 5 ms'i K gluconate and either 103 mM Tris
and 37 msi Hepes (pH 8.5: 0, •) or 33 mM Tris, 70
mM Hepes and 37 mM MES (pH 6.5: 0, •). Uptake
of 20 LM labeled glucose was started by placing 10
2 hr .d of vesicles into 90 d of reaction medium,
resulting in a content of 80 m Na gluconate, 20 mM
TMA gluconate, 50 m K gluconate, 33 mi Tris, 70
Time Time mti Hepes and 37 mss MES (pH 6.5). B. Vesicles
were preincubated with 100 mrs TMA gluconate, 50
m K gluconate, 20 mrvi TMA gluconate and either
C D 103 mM Tris, 37 mrsi Hepes (pH 8.5: 0, •) or 33 mM
Tris, 70 mi Hepes, 37 mrvi MES (pH 6.5, 0, •).
Uptake of 20 M labeled glucose was initiated by
adding 10 d of vesicles into 90 sl of reaction
medium, resulting in 80 m Na gluconate, 65 mrt
TMA gluconate, 5 mM K gluconate, 33 mM Tris, 70
mM Hepes and 37 mM MES (pH 6.5). C. Vesicles
were preincubated with 145 mM TMA gluconate, 5
mM K gluconate, 104 msi Tns and 36 mrs Hepes at
pH 8.5. Uptake of 20 tM labeled oxalate was started
by adding 10 l of vesicles into 90 l of reaction
medium, resulting in a content of 100 mst TMA
Inside negative gluconate, 50 mM K gluconate, 32 mri Tris, 70 mM
Hepes, and 38 mri MES (pH 6.5). D. Vesicles were
Vat preincubated with 100 msi TMA gluconate, 50 msi K\ gluconate, 103 mrs Tris, and 37 ms Hepes at pH8.5. Uptake of 20 LM labeled oxalate was assayedstarted by adding 10 .d of vesicles into 90 l of
reaction medium, resulting in a content of 145 mM
TMA gluconate, 5 mi K gluconate, 33 mM Tris, 70
mM Hepes and 37 msi MES (pH 6.5). Uptake was
determined in the presence (solid symbols) or
absence (open symbols) of 60 g/ml valinomycin. An
0 30 60 3 hr 0 30 60 equivalent volume of ethanol was added as a
sec sec control. Results are expressed as means 5EM for 3
Time Time vesicle preparations.
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Fig. 7. Effect of Cl gradient on oxalate uptake. The vesicles were
preincubated with 145 mivi TMA gluconate, 5 mrt K gluconate, 53 mM
Tris and 87 m Hepes (pH 7.5) in either the absence (LI, ) or presence(0, •) of 100 M TMA Cl. Uptake of 20 M labeled oxalate was started
by adding 10 s1 of vesicles into 90 1d of reaction medium, resulting in a
content of 100 mst TMA gluconate, 50 mrvi K gluconate, 53 mrs Tris and
87 msi Hepes (pH 7.5) in the presence (solid symbols) or absence (open
symbols) of 60 g/m1 valinomycin. An equivalent volume of ethanol
was added as a control.
1.38 nmol• 30 second mg protein respectively, with r =
0.98.
It was possible to explain the DIDS-sensitive oxalate uptake
in terms of an inward H diffusion potential, since previous
studies had revealed the presence of the electrogenic Cl (for-
mate):oxalate exchange across rabbit renal brush border mem-
brane [8]. It was therefore important to confirm whether the
DIDS-sensitive oxalate uptake was due to this oxalate:OH
exchange or to electrical coupling. We tested the potentially
sensitive glucose uptake, employing an inwardly- or outwardly-
directed K gradient and a K ionophore in both the presence
and absence of an inside-alkaline pH gradient. In the presence
of an out> in K gradient, valinomycin decreased the glucose
uptake due to an inside-positive diffusion potential of K (Fig.
6A). Conversely, in the presence of an out < in K gradient,
the inside-negative K diffusion potential caused by valinomy-
cm enhanced the glucose uptake (Fig. 6B). Moreover, the
inside-alkaline pH gradient generated a transmembrane poten-
tial (inside positive) concomitant with the movement of H and
decreased glucose uptake in comparison to an absence of a pH
gradient. The inside-positive diffusion potential of H de-
creased the glucose uptake even if the membrane potential was
changed (Fig. 6 A and B). This indicated that the high buffering
capacity of the medium used in the experiments had maintained
a transmembrane pH difference while the transmembrane po-
tential was changed. Next, we examined the effect of trans-
membrane potential on oxalate uptake in the presence of an
inside alkaline pH. There was no effect of valinomycin-induced
inside positive or negative potassium diffusion potentials on
oxalate uptake (Fig. 6 C and D). Thus, it seemed likely that the
pH gradient-stimulated oxalate uptake was not due to electrical
coupling, but rather to oxalate:OH exchange (an electroneutral
transport process).
Cl:formate and oxalate:Cl (formate) exchange have both been
identified in rabbit renal brush border membrane [8], raising the
possibility that the pH gradient-stimulated oxalate uptake might
occur by either of these exchange mechanisms. The brush
border membrane vesicles used in our study were prepared by
the EGTAIMgC12 precipitation method, so that an outwardly-
directed Cl gradient might have complicated the uptake exper-
iments. It was apparent that an inside-alkaline pH gradient
might have generated inside-positive diffusion potential of H ,
facilitating exchange of Cl with oxalate via the electrogenic
oxalate:Cl exchange system [8]. We therefore tested this pos-
sibility using an inside-positive diffusion potential of H and
valinomycin in the absence of a pH gradient (Fig. 7). When
vesicles were preincubated with the medium lacking chloride, a
change in transmembrane potential (inside positive) was able to
slightly stimulate oxalate uptake, but "overshoot" was not
demonstrated. An inside-positive diffusion potential of K
significantly stimulated oxalate uptake and induced "over-
shoot" even if a small outward Cl gradient (100 M inside, 10
/LM outside) was imposed. This result indicated that electro-
genic oxalate:Cl exchange could not occur unless an outwardly-
directed Cl gradient was loaded. As shown in Figure 6A and B,
the membrane potential generated by a K gradient and valin-
omycin surpassed that produced by an inside-alkaline pH
gradient, since the K diffusion potential had a greater effect on
glucose uptake than the inside alkaline pH gradient. The fact
that pH gradient-stimulated oxalate uptake was electroneutral
(Fig. 6 C and D) indicated that the level of intravesicular
chloride was insufficient to allow demonstration of oxalate:Cl
exchange under inside alkaline pH conditions. Thus, the
EGTA/MgC12 precipitation method appeared to have hardly
affected the measurement of oxalate uptake.
We also certified that formate:Cl and oxalate:Cl exchange
occurred on rat renal brush border membrane and that 40 LM of
labeled oxalate and formate uptake could be linear through 15
seconds (data not shown). If oxalate:OH, Cl:formate and ox-
alate:Cl exchange occur on the same carrier, one could see a
similar degree of inhibition by anion transport inhibitors. There-
fore, we examined the effect of inhibition by DIDS, probenecid
and furosemide on oxalate:OH, oxalate:Cl and formate:Cl
exchange by using dose-response curves (Fig. 8 A, B, C).
Although oxalate:OH and oxalate:Cl exchange showed a simi-
lar inhibition by DIDS (Fig. 8A), oxalate:OH exchange was
more sensitive to inhibition by probenecid (Fig. 8B). Formate:
Cl exchange process had more affinity for furosemide than
others (Fig. 8C). Thus, these three transport processes could be
distinguished from the sensitivity to DIDS, probenecid and
furosemide, and the data suggested that the separate carriers
mediated these exchanges.
Finally, oxalate (S04):HCO3 exchange has been reported in
rabbit renal basolateral membrane [9]. It was therefore impor-
tant to elucidate whether the oxalate:OH exchange mechanism
was present on the brush border or basolateral membranes,
since cross-contamination by the basolateral membrane might
have caused the oxalate:OH exchange observed in this study.
Therefore, to test whether S04:HCO3 exchange occurred in our
preparation of brush border membrane vesicles, we examined
the S04:HCO3 exchange in the presence of voltage clamp. As
shown in Figure 9, the initial rate of sulfate uptake was slightly
stimulated by an outwardly-directed bicarbonate gradient (50
m inside, 5 m outside), but no apparent S04:HCO3 exchange
was revealed. This finding indicated that our brush border
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Fig. 8. Effect of transport inhibitors on anion exchange. For oxalate:OH exchange (0), vesicles were preincubated with 100 m TMA gluconate,
50mM K gluconate, 103 mi Tris and 37mM Hepes (pH 8.5). Uptake of 40 LM labeled oxalate was assayed in the presence of 99 to 100mM TMA
gluconate, 50 mpt K gluconate, 32 msi Tris, 70 m Hepes, 38 mt MES and various concentrations of transport inhibitors (pH 6.5). For oxalate:C1(.)and formate:C1 (LI) exchanges, vesicles were preincubated with 50 m TMA gluconate, 50 mri K gluconate, 50 mM TMA Cl, 56 mi Tris and
84 mri Hepes (pH 7.5). Uptake of 40 M labeled oxalate or formate was assayed in the presence of 44 to 45 mri TMA gluconate, 50 mM K
gluconate, 5 mi TMA Cl, 85 mti Hepes, 55 mri Tris and various concentrations of transport inhibitors (pH 7.5). All uptakes were assayed at 9
seconds in the presence of 60 j.g/mg protein valinomycin. Results shown are means SEM for 3 vesicle preparations. Definitions of abbreviations
are in the text.
Discussion
exchange for OH via an anion transport system. This conclu-
sion is based on the following observations: (1) DIDS, proben-
ecid and furosemide, transport inhibitors, inhibited the pH
gradient-stimulated oxalate uptake; (2) an inwardly-directed
oxalate gradient inhibited the pH gradient-stimulated oxalate
uptake (cis-inhibition), and an outward-oxalate gradient-stimu-
lated oxalate uptake (trans-stimulation); (3) oxalate uptake by
the brush border membrane showed osmotic dependency; (4)
non-linear temperature dependency of oxalate uptake was
recognized; (5) the DIDS-sensitive oxalate uptake was satura-
ble when measured under initial rate conditions; (6) a change in
transmembrane electrical potential had no effect on the pH
gradient-stimulated oxalate uptake, indicating that the pH gra-
dient-stimulated oxalate uptake was due to oxalate:OH ex-
change. Thus, oxalate:OH exchange via an anion transport
sec
system in the brush border membrane satisfied the criteria used
to establish the existence of a transport system [15].
Needless to say, it is important to confirm that the oxalate:
OH exchange observed in our study was localized to the brush
border membrane, since it is possible that apparent oxalate:OH
exchange could be due to basolateral cross-contamination. In
our preparation of brush border membrane vesicles, the enrich-
ment of alkaline phosphatase was about 14-fold, whereas that of
Na-K-ATPase activity was decreased to unity. Indeed, al-
though the basolateral membrane was not completely depuri-
fled, we observed Na-dependent D-glucose co-transport, a
property of the brush border membrane, as shown in Figure 6 A
and B [16, 17]. It is necessary to observe the influence of
basolateral membrane contamination on oxalate:OH exchange,
since both oxalate:HCO3 (OH) and SO4:HCO3 (OH) exchange
have already been reported [9]. However, we found no appar-
ent SO4:HCO3 exchange in the present brush border membrane
vesicles preparation, as shown in Figure 9. In our preparation of
brush border membrane, moreover, oxalate:Cl exchange (Fig.
7) and formate:Cl exchange (data not shown) were observed, as
reported in the previous study [8]. These observations strongly
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Fig. 9. Trans-stimulation of sulfate uptake by bicarbonate gradient.
Membrane vesicles were preloaded with 100 mri TMA gluconate, 70
mM Hepes and either 50 mrvi KHCO3, 23 msi Tris, 47 msi MES (•) or
50 mM K gluconate, 33 m Tris, 37 mri MES (0) at pH 6.5, and were
pretreated with 60 sg/mg protein valinomycin, Ten .d of vesicles was
mixed with 90 tl of reaction medium containing 1.67 M labeled sulfate,
100 mM TMA gluconate, 70 mi Hepes, 50 mri K gluconate, 33 mi Tris
and 37 m.t MES, and gassed with either 100% N2 (no outward
bicarbonate gradient) or with 5% CO2. 95% N2 (an outward bicarbonate
gradient). Results shown are means SEM for 3 vesicle preparations.
membrane vesicles preparation did not contain enough basolat-
eral membrane vesicles to allow the demonstration of SO4:
HCO3 exchange. Therefore, oxalate:OH exchange appears to
occur on the brush border membrane.
In this study we demonstrated the presence of a carrier-
mediated transport system for oxalate in rat renal cortical brush
border membrane vesicles. Oxalate can be transported in
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suggested that the oxalate:OH exchange which we investigated
occurred on the brush border membrane, rather than on the
basolateral membrane.
Oxalate:C1 exchange is electrogenic and sensitive to inhibi-
tion by DIDS, as is the case for oxalate:OH exchange, whereas
Cl:formate exchange is more sensitive to inhibition by furo-
semide (Fig. 8 A and C), as reported in the previous study [8].
Also in rabbit ileal brush border membrane, both oxalate:Cl
(formate) and oxalate:OH exchange occurred, involving dif-
ferent carriers [18]. Both forms of exchange were inhibited to a
similar degree by DIDS, but the oxalate:Cl exchange was less
sensitive to probenecid [18]. In the renal brush border mem-
brane, both oxalate:OH and oxalate:Cl exchange showed sim-
ilar sensitivity to DIDS, and probenecid inhibited the oxalate:
OH exchange more strongly (Fig. 8 A and B). Thus, the
dose-response curve for DIDS, probenecid and furosemide was
useful for distinguishing the inhibitor specificity of these forms
of exchange and enabled us to demonstrate that each form of
exchange employed a separate carrier. Moreover, both oxalate:
OH and oxalate:Cl exchange were inhibited to a similar degree
by DIDS and probenecid, as was the case for ileal brush border
membrane.
The similarity of oxalate transport systems between the renal
and ileal brush border membranes is interesting, since Baggio et
a! suggested that some stone formers with an abnormally
elevated rate of oxalate flux into red blood cells revealed
increased absorption and excretion of oxalate [19]. In red blood
cells, oxalate was transported by band 3 protein [20]. More-
over, Baggio et al have reported that erythrocyte ghosts from
patients with idiopathic stone formers exhibited increased phos-
phorylation of band 2 and 3 proteins in comparison with normal
subjects, and suggested that this faster band 2 and 3 phosphor-
ylation might be related to an alteration of the conformational
arrangement of band 2 and 3 proteins [20]. Transport proteins
are understood to be intrinsic proteins, which are embedded or
intercalated in the cell membrane [21]. It is recognized that
various membrane functions are intimately related to mem-
brane fluidity. We therefore hypothesize that the raised oxalate
flux into red blood cells of 'idiopathic' stone formers is due to
an abnormality in the intercalation of oxalate transport proteins
in the red blood cell membrane, leading to an abnormality of
band 2 and 3 phosphorylation. Abnormal membrane fluidity of
erythrocytes could thus cause the anomalous intercalation of
these proteins, and such abnormal membrane fluidity might be
apparent in affected patients. Such abnormality of the cell
membrane could also occur on both intestinal and renal epithe-
hal cells, influencing the oxalate transport systems of both the
kidney and intestine, and thereby increasing both oxalate
absorption and excretion due to the similarity of oxalate trans-
port systems in both organs. This situation would account for
both the increased absorption and excretion of oxalate in
patients with idiopathic calcium oxalate stones and abnormal
erythrocyte oxalate flux. Although Baggio et al were unable to
demonstrate any relation between abnormality of oxalate trans-
port in red blood cells and that in renal proximal tubule cells,
the clinical data indicated the possibility of abnormal oxalate
handling in both renal and intestinal epithelial cells and red
blood cells.
Bãstlein and Burckhardt have identified oxalate as a substrate
for the Na-SO4 co-transport system in the brush border mem-
brane of rat proximal tubule cells [71, and we have also
observed the presence of a Na-oxalate co-transport system on
the rat renal brush border membrane (unpublished data). How-
ever, Knickelbein and Aronson were unable to demonstrate any
Na-oxalate co-transport system in rabbit ileal brush border
membrane [22]. At present, this is the only known difference
between the oxalate transport systems of the renal and ileal
brush border membrane. It is very important to determine how
oxalate is handled in both types of epithehial cell and to
elucidate the pathogenesis of calcium oxalate nephrolithiasis.
Further experiments will be required to elucidate the substrate
and inhibitor specificity of both oxalate:OH and oxalate:Cl
(formate) exchange and Na-oxalate co-transport, and to deter-
mine the detailed mechanism of the oxalate transport systems in
both the kidney and intestine.
In summary, the present results indicate that oxalate:OH
exchange via an anion transport system is present on the rat
renal brush border membrane, and suggest that oxalate:OH
exchange, and Cl:formate and oxalate:Cl exchange occur via
separate carriers.
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